1. Introduction and the result. Consideration of the motion of a viscous fluid in a vessel with moving walls or in a vessel containing rigid bodies moving through the fluid leads us to the initial value problem for the Navier-Stokes equation in a noncylindrical domain in (t, #)-space. This problem will be denoted by (Pr. NC). Let Q(/) <ZR m (m = 2 or 3) be the domain filled by the fluid at time t and let r(/) be the boundary of Q(/). We shall be concerned with the flow for the time interval [0, T](T>0). We put Û = U 0(0 and f= U T(0.
(Pr. NC) in its classical form is to find out the velocity field u = u(t, x) and the pressure p = p(t, x) which satisfy the following.
ƒ, j8 and a are given (vector) functions. Here and hereafter the differential operators A and V mean those for x variables only. The special case of (Pr. NC) with Q(/) independent of / will be denoted by (Pr. C). The objective of the present note is to extend E. Hopf's existence theorem (cf.
[l]) for weak solutions from (Pr. C) to (Pr. NC). Intending to emphasize rather the straightforwardness of the method than the generality of the result, we here make the simplifying assumptions (A1)-(A3). These assumptions will be released completely or weakened considerably in a forthcoming paper where we shall give full details of our study. (Unfortunately we do not have enough room in this short paper to specify the "smoothness" involved in (A3). We only note that (A3) is needed mainly for the proof of Lemma 5.)
We now state our main theorem, although the definition of weak solutions and that of i2V(Q(0)) are to be given in §3. [2] ) is applicable to our weak solutions.
The authors wish to thank Professor Masatake Kuranishi for valuable advice in connection with the proof of Lemma 5 which is, however, too long to be contained in this paper.
2. Approximating problems. The basic idea of our method is to approximate (Pr. NC) by the following initial value problem (Pr. AP) n in the cylindrical region B = [0, T] XB, n being an arbitrary positive integer;
Here x(*> x) is the characteristic function of E = Ê-Û and â means the natural extension of a to B, that is, â = a in 12(0) and <z = 0 in B -Q(0). We note that if {u n } or a subsequence of it converges to w as n->oo in some sense or other, then the limit û is a good candidate of the solution of (Pr. NC). In fact, it is easy to derive the following a priori estimate for u n ; is satisfied.
4.
Outline of the proof of Theorem 1. The basic idea of the proof was mentioned in §2. We briefly indicate necessary steps in the proof.
